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J2'.'TRODUCTION
In the third world, more than 70% of fish catches are smoked in fishing communities for the purpose of
preservation (Ward, 1995). Smoking offish and/or meat products is an ancient processing technique and
has continued to find usefulness in modern times in Nigeria. Many fish species have very good
preservation qualities after salting, sun drying and even smoking (Madu et al., 1984). Preservation
methods are applied with an intention to making the fish safer and extend its shelf-life (Ghazala, 1994).
Fish smoking seems to be amore favouredmethod of'preservation (Akintola and Lawai, 2010). Akinola et
at. (2006) reported that despite the rudimentary nature of process of traditional methods, lack of control
over the drying rate, sometimes results to under-drying or over-drying, expose the fish to unexpected
winds, dust, dirt, insect infestation, and contaminants.
The shelf-life of smoked fish products depends largely on the initial bacterial contam.inationof the raw
material; the decrease of a, in the tissues due to brining and pre-drying, the activation of putrefactive
micorflora due to heat treatment, the arne-tnt of smoke components that penetrate the product and on the
temperature, air humidity and oxygen levels during storage (Sikoresski et af. 1990). .
Smoked fish and shellfishproducts can be a source ofmicrobial hazard includingListeria monocytogenes,
Salmonella spp., and Clostridium botulinum (Heintz and Johnson, 1998). Omojowo and Ihuahi (2006)
reported that smoked fish samples fromL1locn!Markets in Kainji Lake area ofNigeria were dominated by
gram-positive bacteria, Potential pathogens, coagulase-positive Staphylococcus, and Escherichia coli.
Novotny et al. (2004) were of the opinion that human infections caused by pathogens transmitted from fish
or the aquatic environment are quite common and depend on the season, patients' contact with fish and
related environment, dietary habits and the immune system status of the exposed individual. They also
indicted the following bacteria among others as transmittablc to man from handling and conswnption of
fish:Escherichia coli, Aeromonas spp., Salmonella spp., Staphylococcus aureus, Listeria monocytogenes,
Clostridium botulinum. .
According to (Aberoumand, 2010),E. coli is a classic example of enteric bacteria causing gastroenteritis.
E. coli including other coliforms and bacteria as Staphylococcus spp. and sometimes enterococci are
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RESULTS
TableI indicates coloration of bacteria colonies on the differential media that were used for the isolation.
Table2 shows the result of biochemical test carried out as the confirmatory test The mycoflora of smoked
C. gariepinus from the various markets in Makurdi is shown in Table 3. The mycological analysis was
carried out using sabraud dextrose agar. The morphological and microscopic description which aided the
identification of isolates are reflected therein. The mean count of bacteria load of sampled smoke-dried
African catfish (Clarias garipienus) sold in four markets within Makurdi metropolis is shown in Table 4.
The table indicates the mean total count of bacteria isolated from samples offish in High Level, North
Bank, Wadata and Wurukum markets as illustrated in Fig. 1. The various bacteria isolated from the
samples were Staphylococcus aureus, Salmonella spp and Escherichia coli. It shows the extent of
contamination of smoke-dried catfish across the markets. Table 5 shows the mean values of water
activities as it affect bacteria load.
High level and North Bank markets had the least counts for the three bacteria species isolated while the
highest counts for all three species was observed in samples from Wadata and Wurukum markets
-.
MATERIALS AND METHODS
SampleCollection/Preparation.
Samples of smoke-dried Clarias gariepinus were obtained from Wurukum, North Bank.:High Level and
Wadata markets in Makurdi, Benue State of Nigeria. A total of twelve samples were collected using
random sampling technique in three sampling occasions from each markets and carried in sterile
polythene bags (UV- sterilized) from each ofthc markets making a total of forty-eight fish samples. The
samples were taken immediately to the veterinary microbiology laboratory of the University of
Agriculture, Makurdi for microbial analysis.
The samples were crushed asceptically using porcelain mortar and pestle. Onc gram of crushed sample
wastransferred into 10ml of'distillcd water and serially diluted to 10-6.
Media Used
Themedia used for the isolation include: Manitol Salt Agar (MSA), Nutrient Agar (KA), Eosin rnethy lene
BlueAgar (EMB), Sabraud DcxtroscAgar (SDA), Salmonella Shigella Agar (SSA) and Mackonkcy Agar
(MeA).All the media were prepared according to manufacturers instructions.
Inoculation ofmedia plates
Usingthe pour plate method, a sterile micro-pipette was used to aspirate 1OOIlI(O.lrnl) each of the serially
diluted samples onto the various agars and labeled according to dilution and agar used. All the inoculated
samples were incubated at J7°e for 24 - 48 hours after which all plates were read. Each ofthe plates was
observed for growth and colour of colonies. Growth from the plates were subjected to further test such as
Bio-chemical test, Gram staining, motility (using hanging drop method) test and coliform test to confirm
their identi ty,
Water Activity (a,.)
Theempty crucibles were weighed and two grams (2g) offish samples from eaeh market was transferred
intodifferent crucibles, and re-weighed.
The dish was placed in the oven at 10Soe for 6 hours. The dish was removed from the oven, cooled in
desiccators and reweighed. The sample was allowed to dry for one hour in the oven, cooled and weighed to
ensurethat a constant weight was achieved. Water activity was determined using:
%!lw= Weight be!ored,ying-DlyWeighi x 100
Weightof Sample
commonly used as indices of hazardous conditions during processing offish. Scientists have shown that
the contamination offood of fish origin with pathogenic E. coli probably occurs during handling of fish
andduring the production }1rOCeSs(Ayulo, et a/. 1994 and Whipple and Rohovec, 1994).
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Table 2: Identification Characteristics of different bacterial isolates from smoke dried Clariasgariepinus.
Key
LF - Lactose Fermenter
NLF - Non-Lactose Fermenter
c
B
A
respectively. It is worthy to note here that Wadata and Wurukum Markets are the most populated and
patronized markets inMakurdi metropolis and this could explain the reason why the count of these isolates
are high.
There was no significant difference in the plate COU:1t of E. coli from the four markets studied. However
significant differences were observed in the plate counts for Salmonella spp. and S. aureus (P<O.05).
Aspergilus niger and Mucor spp. were the mycoflora found to be associated with smoked C. gariepinus
from the four markets studied. A. niger was present in samples from Wadata and High Level markets while
Mucor spp. was found on samples from Korth Bank and Wurukum markets.
Furthermore, significant differences were observed for water activity of the fish from the four markets
studied. There was a strong correlation between water activity and bacterial load on the samples with
Media
NA :MeA MSA El\-ffi SSA
Yellow LF Golden Yellow
Whitish Grey NT~F Blackish
Cream PinkLt:' Bluish black
with metallic
sheen
Isolates
Mean values followed by same superscript are not SIgnificantly different (p>O.O::».
Location Aw
High level 9.822 ± 0.737°
NlBank 10.300 ± O.684b
Wadata 13.833 ± 0.791"
Wurukum. 14.011 :~ O.676a
, -
Table 5: Mean water activity of srnoke-dried Clarias gariepinus inMakurdi markets.
Mean values in the same column followed by same superscript are not SIgnificantly different (p>0.05)
Isolates S. aureus Salmonella E. coli
Location
High level 1.522xl OJ±0.195x 1o' I) O.644xlOJ±0.337xl0'o 1.544xl OJ±O.16xloj
NfBank 1.578xl03± 0.171xl03 b O.722x 103±0.272x 103 b 1.378xl 03±0.29xl 03
Wadata 3.756xl 03±0.587xl03 a 1.422xl 03±0.422x 103 all 2.456xl03±O.383xl03
Wurukum 2.489xl OJ±O.456xl 03 b 2.211xl03:::0.368xl03 a 2.0xl OJ±O.4X3xl03
Table 4: Mean Total Bacteria Isolates on smoke-dried CZar/as gariepinus in Makurdi Markets.
~s.~mph: Pathogen :\1orpbological Growth Microscopic Appearance of colonies in Lactophenol cotton
sites isolated Appearance Rale Blue preparation,
I (Markets)
'High level Aspergilus Rapidly growing initially 1-3 days The vesicle oflhe coniosphorc is large lind glucose bearing
niger white to ye llow then to two series of sterigmata over uti its surfaces, The conidia are
block colony brown to black and rough-walled.
Wadata Aspergilus Rapidly growing initially 1-3 days The vesicle of the coniosphore is large and glucose bearing
niger 'white to yell ow then to two series of sterigmata over all its surface. The conidia are
block colony brown to black and rough-walled,
Wurukwn Mucorspp Initial1y white becoming 1·3 days Broad generally asccptalc mycelium from which long, oftcn
grey in colour with bla ck' branched sporangioshores arise, bearing round sporangia I
spores which contain spberical to elliptical sporangiosphores. "
North Mucorspp Initially white becoming 1-3 days Broad generally asceptale mycelium from which long, often
Bank grey in colour branched sporangioshorcs arise, bearing round sporangia
which contain spherical to elliptical sporangiosphores,
Table 3: Mycological Analysis of Smoke- dried Clarias griepinus using Suboroid Dextrose Agar
Figure 2: Linear Relationship between Water Activity and count of S. aureus (cfu/g)
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DISCUSSION
This study shows that pathogenic bacteria and fungi are present in smoked fish in markets in Makurdi.
Omojowo et al. (2009) reported the occurrence of bacteria su.ch as Bacillus coagulans, B. cereus,
Klebsiella ozanae, Proteus vulgaris, Escherichia coli, Staphylococcus aureus, and Streptococcus spp.and
fungi such as Aspergillus niger, A. candidus, A. flavus and A. nidulan in potassium sorbate untreated and
. smoked tilapia. Also, Fafioye et aZ. (2008) isolated various fungi from eight different species of smoked
fish including C. gariepinus and these include Fusarium spp.,Aspergillus spp.,Rhizopus spp.,Mucor spp.
and Penicillium spp. They reported that the most prevalent fungus wasAspergillus spp., which was found
in all the fish samples. These findings suggest that the current results which shows the presence of bacteria
species such as E. coli, S. aureus and Salmonella spp. as well as Aspergilus spp. andMucor spp as fungal
species is indicative of common species ofmicrobes that contaminate fish and fish products.
Essien et al. (2005) isolated various species offungi from smoked shark and they reported that Aspergillus
flavus was the dominant mould flora of the smoked fish and thatA~pergil!us niger, Penicillium expansum
and p. viridicatum were also frequently encountered in the smoked fish. Fafioye et al. (2008) studied
fungal infestation and nutrient quality of smoke-dried Clarias gariepinus, Chrysichthys nigrodigitatus,
Sarotherodon galilaeus, Heterotis niloticus, Heterobranchus bidorsalis, Synodontis schall, Synodontis
clarias and Clarias anguillarts. They reported that Clarias gariepinus haboured the highest number of
different fungal species. This shows that the present result which shows that C. gariepinus marketed in
Makurdimarkets are contaminatedwithAspergillus niger andMucor spp. is not an isolated issue.
Results of this present study revealed that, Wadata market ranked highest in contamination followed by
Wurukum. This is attributable to the closeness to River Benue where a lot of human activities such as
defecating dumping of refuse +akeplace, and exposure of fish to dust particles form dirty environment.
North Bank andHigh levelmarket environment are fairly neat compared toWurukum andWadatamarket.
This accounted for the relatively low level of contamination recorded there in. This is in line with Kurnolu-
Johnson et al. (2010), who reported that the total coliform count of freshly smoked C. gariepinus obtained
from the Badagry market was higher than the value recorded insamples from Lagos State University fish
pond.
These isolated.micro-organisms can be pathogenic to human beings. According to Novotny et al. (2004),
human infections caused bypathogens transmitted from fish are quite common depending on the patients'
contact with fish and related environment, dietary habits and the immune system status of the exposed
individual.Also fungi produce toxic compounds such as aflatoxins and the existence and growth of these
moulds on smoked fish is apointer to the potential health risk associated with the consumption of mouldy
dry fish (Essien et al. 2005).
Conclusively, smoke-dried catfish inMakurdi were contaminated with many bacteria species including
members ofthe generaEscherichia, Salmonella andStaphylococus.
Samples from Wadata and WurukumMarkets were heavily contaminated due to the greater Unhygienic
conditions of the environmentthan other areas examined.
Food poisoning and food borne diseases couldresult since the bacterial load are higher than the acceptable
recommended International Commission on Microbiological Specifications for Foods (TCMFS, ] 986)
limits for seafoods which includes 103 per gram for S. aureus, 11per gram for E. coli and 0 per gram for
Salmonellaspp.
The public health concern of smoke-dried Clarias gariepinus is therefore the poor handling and
processing either by the processors, marketers or the consumers. This bas greatly contributed to the
contaminationof these products by various pathogenic micro organisms which make their consumption
hazardous to health. Fish sellers should be made to conform to sanitary rules such as cleanliness of
envirorunentand personal hygiene during fish handling. Quality control agencies should ensure that these
conditionsare strictly observed by people who deal with the smoking processing and the sellers. ICMFS
(1986)pointed out that the acceptable total Aerobic Plate count of s-ic' may be well exceeded in fish
obtained from tropical waters that are heavily contaminated with bacteria. Finally pollution of River
Benueshould be.checked to avoid its contamination with bacteria and subsequent passage to fish. This
shouldbe the first step to checking contamination offish with harmful miero-organisms.REFERENCES
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